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o BaRA n AR (X, Vi), P X € RP A KM
fE, YieY=1{1,2,..,C} A Kuyi%;

o FEARIH AT ARIBIL, HFARPTIRMAES KFe T B Pxy &7

o BEFREENKT 1—a T, MEHEA (Xot1, Yer1) 1509
%ﬁ’}nd %/E\ Cn,a g y, ;El\’_:’:v Xn+1 EJ%UTF) Yn+1 *%ﬁo

o FAMEE#H LA FEE (marginal coverage)

P|Yni1 €CnalXn1)| >1—a.
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° NFFEE LIRS A P TARAT LI, 12 I7E E 5 T4k
HhEHELE:

P [Y,,_H € CA,,ﬁa(X)]X,,H = x] >1-a.
o FMEEAETH LM X g MR ENABZEE

o IR BRAGEABL, FHEEE i EL LTI (Barber et
al., 2019).
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o EMAFRE A TR EaA X Ry EHMHEE 7 2H RS
(Hechtlinger et al., 2018; Sadinle et al., 2019; Vovk et al.,
2005).

e %414 Vladimir Vovk 32, 2334 Larry Wasserman,
Jing Lei %,
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Oracle 43228

AR AN S b H Py x K3 oracle M #ATIR T
o ELRMATAM KL C(Xnt1):
o A FHEFH x €RP, A my(x) =P[Y = y|X = x], BPAMT
PAAREI R X = x ey —A AR5 ey R ;
® & 3L my(x) 8y R It E 7T(1)(X) > 71'(2)()() > > W(C)(X)o
o W FEE 7€[0,1], &L LA RS

L(x;m,T)
= min{c € {1,..., C} : Ty (x) + T2y (x) + - + ) (x) > T}
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Oracle 43282

TRMES A
Corelet (x) = {ATL(x; m, 1— o)A K agmy (x)3F B ady kY indexes}

e 1 — o AT TAZ X = x B 4wmaEER)y ks,
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Oracle 43228

B ph, 4R m(x) =03, m(x)=0.6 AR 73(x)=0.1, N
L(x;0.9) =2, BERXa9AA, 72 Q77 (x) = {1,2}. ™
L(x;0.5) =1, BPERFE KM —A, 1325] CoP(x) = {2},
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Oracle 43228

ue [O, 1]0 -‘ﬂxfﬂ LT,

S(x, u;m,7) = C2%(x)
2R % u< Vi) ot
S(x, u;m,7) = C2%(x) /% K a7, (x)3F B ady

HoF
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Oracle 43228

2 u R—=AH G 5%, TOMFE|—A G EFUN &5
Coracle(x) = S(x, Usm, 1 — a).

HJ U~ Uniform(0,1) + L5 Tt T ik 5,
BHFRGEERFHEEKTFE 1 - o TR agEALTME
A

o
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Generalized inverse quantile conformity scores

EABHE

RN —AoXE, FHETET 7, (x). XEZRBE
fty(x) RAFEAEY .

K BN 7 ANy oracle kAt oy TR E A F ik
F, 5 oracle 5T RE A&, BIMA 7 & 248 A1k 5 Tl 45 09
hold-out Z&3E 4% 1 &,
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Generalized inverse quantile conformity scores

EABHE

X HE E, N x,y,u, 7, A FE B AEAF S(x, uy T, T) B
%&X:XT@Qﬁﬁy%T%mdﬁo

X 7k K AN1PTE 4 generalized inverse quantile conformity score
function:

E(x,y,u;#) = min{r € [0,1] : y € S(x, u;m,7)}.

AT EARE, RMFETAE hold-out H# A (X, Y;) it H£H
FAFs, itk EE=E(X, Y, U7). ERRAEFALTF, BPa=mn
B, A X AEH, E A 5Hwe.
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EABHE

E(x,y,u;7) = min{r € [0,1] : y € S(x, u;m,7)}.

T AKE AN — AR 4 ke P (i
IS IARATA AT 2] 09 130T £ R AR A P A T Yootk

ZATHR AR ey £ 47 \EP'fi}EE oracle [ TF, 4}41& X B
ERRE ITHER RE & H . mALF ik & TR £,
18 {Ei}ier, 49 1— 512k mTuﬁﬂrrWMMﬁ,n?b
& ) & IBH T 84 hold-out # 4, DEAEZ A R TAET 7
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Adaptive classification with split-conformal calibration
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Algorithm 1: Adaptive classification with split-conformal calibration

Input: data {(X;,Y:)};_;, Xn+1. black-box learning algorithm B, level o € (0, 1).
Randomly split the training data into 2 subsets, 77, Zo.

Sample U; ~ Uniform(0, 1) for each ¢ € {1,...,n + 1}, independently of everything else.
Train BB on all samples in Z;: 7 < B({(X;,Y:) biez,)-

Compute E; = E(X;,Y;, U;; #) for each i € Z,, with the function E defined in (7).
Compute Q1—a({Ei}iez,) as the [(1 — a)(1 + |Z2|) ] th largest value in { E; }iez, -

Use the function S defined in to construct the prediction set at X,, 11 as:

G (Xna1) = S(Xni1, Unti; 7, Quoa({Ei}iez,)). ®)

N U R W=

8 Output: A prediction set é,slca (Xy41) for the unobserved label Y, 1.
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HiEMERR

T RAEA (X, Vi), W i€ {1, n+ 1} AT M4, HAH
RXE B Tx%)\ﬁi’\é’])ﬂﬁl’ywﬁ, Hik 1 a9 B earmgE:

P [Yn+1 e 5| ,,+1)] >1-a.

HH, 4wRiFH E AU E—, NIFEEHERE TN

P |:Yn+1 GC,,Q( n+1)] <l—a+

#®OFR PEARKXZSZITER

Classification with Valid and Adaptive Coverage



TENR

Adaptive classification with cross-validation+ and jackknife+ calibration

D 7 EN%

Adaptive classification with cross-validation+ and jackknife+
calibration

id and Adaptive Coverage



TENR

Adaptive classification with cross-validation+ and jackknife+ calibration

Algorithm 2: Adaptive classification with CV+ calibration
1 Input: data {(X;,Y;)};_,. X,+1. black-box B, number of splits K < n, level a € (0, 1).
2 Randomly split the training data into K disjoint subsets, Z1, . .., Zx, each of size n/ K.

3 Sample U; ~ Uniform(0, 1) for each i € {1,...,n + 1}, independently of everything else.
aforke{l,....K}do
5
6
7

| Train B on all samples except those in Zp.: % « B({(Xi,Y) bieq1,....an\20)-

end
Use the function £ defined in (7) to construct the prediction set (:’SX;'(X n+1) st

CoV (X)) = {y ey:

(11)
>.1 [E(Xi,n, Us; #0) < B(Xpa1, 4, Unsr; #D) | < (1= a)(n + 1)},
i=1

where k(i) € {1,..., K} is the fold containing the ith sample.
s Output: A prediction set CS% (X,,11) for the unobserved label Yy, 1.
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Comparison with alternative conformal methods

homogeneous conformal classification

ZATIR B ag F R e TN R R) K 3R A T — AN ey AN
Clx;t)={y € V: flylx) > t},

fed TR B AR R — AL ¢, PIARMHE ZF KT
FREANF .
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Comparison with alternative conformal methods

quantile regression

AP T ik ARG
O 4oL, CHRBINEIETR AR B E S, XEAEATE
AR g 2 R
® L&, CuyRRbdrii £ A10935, RACEHEZMANE
ey —E M R —A
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o K XcRP, ¥ p=10;

* Xy AEFEE, Xy vA 0.2 BRI 1, vA 0.8 a9 5 IL-8;

o LT ARETT T, AR LHIRMAFELESHH;

° WA Y e{l,..,10} AL X =x ey fthod A —A
multinomial 477, ¥+ AE w;i(x) £ LA
wi(x) = z(x)/ 3h_, z(x), ¥ z(x) = exp(x"5), F—
A B € RP IR 5 047 4 SE & 57 P d0AE 132
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Marginal Cond. on cover
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